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HOW MANY SAMPLES IS ENOUGH? 
 
We now turn to an important question. When we are designing a sampling experiment, 
how many data samples is enough? 
 
Taking insufficient samples may lead to unacceptable errors in the statistics. 
 How much fuel does a commercial airliner need to fly from LAX to Hawaii? 
 
Taking too many samples may be too time consuming, expensive, or unacceptable. 
 What static load will a road bridge support? (expensive) 
 What is an individual midshipman’s average 1.5 mile run time? (boring!) 
 
For this handout we assume that the variable we are measuring is normally distributed. 
We will investigate the sample size required to determine the sample mean within some 
prescribed interval at a prescribed level of significance. 
 
 
GENERAL APPROACH 
 
The general approach is to take measurements from a small sample. From the statistics of 
that small sample we estimate the number of samples required to get our required 
accuracy. 
 
After taking more measurements we check the accuracy has been obtained. If necessary, 
we further increase our sample size until the accuracy has been achieved. 
 
The following flowchart gives the overall plan of attack. 
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EXAMPLE STATEMENT: 
Find the mean length of screws that are nominally 2-inch long. The population mean is to 
be known within 0.05 inches with a 95% degree of confidence. 
 
SOLUTION: 
Small sample: We elect to have a small sample size of 5, and measure the length of 5 
randomly selected screws (in inches): 

 
2.097, 2.051, 1.939, 1.924, 1.960 

 
Calculate mean and standard deviation: 

1.9942 in
0.07573 in

x
S

=
=

 

 
Student’s-t: 

α = 0.05 
dof = (5 - 1) = 4 
Look up Student’s-t (2-sided) as 2.77645 

 
Calculate achieved accuracy: The accuracy of the mean determined by the experiment is 
 

. 2.77645 0.07573
0.094031

5
t s
n

×
= =  

 
which indicates that at the 5% level of significance, the population mean is 1.9942 
± 0.094031 inches, or when rounded appropriately,  

 
  µ = 1.99 ±0.09 inches 
 
Achieved < required accuracy? The achieved accuracy (0.09 inches) is larger than the 
required accuracy (0.05 inches), so we need to take more samples. 
 
Calculate required number of samples and check for convergence:  
First calculation: 

2 2
. 2.77645 0.07573

17.68
0.05

t S
n

δ
×   ≈ = =   

   
 

(in class question – do you round this number up or down?) 
 
Second calculation: 

The new Student’s-t for dof = 17 is 2.10982 
2 2

. 2.10982 0.07573
10.211

0.05
t S

n
δ

×   ≈ = =   
   

 

 
The required number of samples changed. Therefore we have not yet converged. 
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Third calculation: 
The new Student’s-t for dof=10 is 2.22814 

2 2
. 2.22814 0.07573

11.39
0.05

t S
n

δ
×   ≈ = =   

   
 

 
The required number of samples changed. Therefore we have not yet converged. 
 
Fourth calculation: 

The new Student-t for dof=11 is 2.20099 
2 2

. 2.20099 0.07573
11.11

0.05
t S

n
δ

×   ≈ = =   
   

 

 
The required number of samples stayed at 12 (11.11 rounded up). Therefore the 
calculation has converged. 
 
Take additional observations: We require 12 observations, but have already taken 5 (our 
small sample). We therefore take an additional 7 more. Here they are: 
 

1.997, 1.983, 2.120, 2.065, 2.137, 1.959, 2.130 
 
 
SECOND TIME ROUND THE MAIN LOOP OF THE FLOW CHART 
Calculate mean and standard deviation: These are calculated for all 12 measurements. 

2.030167 in
0.07889 in

x
S

=
=

 

 
Student’s-t: 

α = 0.05 
dof = (12 - 1) = 11 
Look up Student’s-t (2-sided) as 2.20099 

 
Calculate achieved accuracy: The accuracy of the mean determined by the experiment is 
 

. 2.20099 0.07889
0.050124

12
t S

n
×

= =  

 
which indicates that at the 5% level of significance, the population mean is 
2.030167 ± 0.050124 inches, or when rounded appropriately,  

 
  µ = 2.03 ± 0.05 inches 
 
Achieved < required accuracy? The achieved accuracy (0.050124 inches) is larger than 
the required accuracy (0.05 inches). So we need to take more samples. 
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Calculate required number of samples and check for convergence:  
First calculation: 

2 2
. 2.20099 0.07889

12.06 (i.e., 13 samples needed)
0.05

t S
n

δ
×   ≈ = =   

   
 

 
Second calculation: 

The new Student’s-t for dof = 12 is 2.17881 
2 2

. 2.17881 0.07889
11.818 (i.e., 12 samples needed)

0.05
t S

n
δ

×   ≈ = =   
   

 

 
The required number of samples changed. Therefore we have not yet converged.  
 
Third calculation: 

The new Student’s-t for dof = 11 is 2.20099 
We have already done this calculation and found we need 13 samples. In a strict 
mathematical sense we have not fully converged (the result flips back-and-forth 
between 12 and 13 samples). We saw from the measured data that taking 12 
samples was not quite sufficient. Therefore we will take a total of 13 samples. 

 
Take additional observations: We require 13 observations, but have already taken 12. We 
therefore take an additional single sample. Here it is: 
 

2.032 
 
THIRD TIME ROUND THE MAIN LOOP OF THE FLOW CHART 
Calculate mean and standard deviation: 

2.030308 in
0.075533 in

x
S

=
=

 

 
Student’s-t: 

α = 0.05 
dof = (13 - 1) = 12 
Look up Student’s-t (2-sided) as 2.17881 

 
Calculate achieved accuracy: The accuracy of the mean determined by the experiment is 
 

. 2.17881 0.075533
0.045644

13
t S

n
×

= =  

 
which indicates that at the 5% level of significance, the population mean is 
2.03038 ± 0.045644 inches, or when rounded appropriately,  

 
  µ = 2.03 ± 0.05 inches 
 
Achieved < required accuracy? The achieved accuracy is less than the required accuracy, 
so object achieved!  
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SOME THINGS TO THINK ABOUT 
 
The above example gave a rigorous procedure to follow. Here are some things to think 
about when designing real-world sampling experiments. 
 
The initial small sample should be large enough to obtain reasonably good estimates of 
the mean and standard deviation. 
 

If the spread (deviation) of the data is large, you will require more samples. 
 
If the deviation is small, you will need fewer samples. 

 
Specifying tight tolerances (i.e., a narrow confidence interval) means you will need a 
larger initial small sample, and ultimately a large sample size. 
 
If you have a quick, cheap experiment, you should consider increasing the initial small 
sample size. In the above example, screws are cheap and you can measure them very 
quickly. Realistically, you would probably have measured 20 or 30 in your small sample. 
The consequence is that your small sample would have been big enough! 
 
For very expensive experiments, you may have to make a compromise between achieved 
accuracy and number of samples. You can use the work in this handout to help determine 
the necessary statistics. 
 
 
PROBLEMS 
 
The worksheet requiring you to calculate your average heart rate is the assigned work for 
this handout. 
 


